Background Polypharmacy and increased sensitivity to side effects cause adverse drug events, drug-drug interactions and medication errors in the elderly. Objective The objective of this study was to investigate the prevalence and type of drug-related problems and associated factors among patients admitted to a clinical pharmacist service-naïve medical ward in an inland hospital in northern Sweden. Methods During September-November 2015 and February-April 2016, clinical pharmacists working as part of a ward team on the medical ward conducted 103 medication reviews. Drug-related problems were identified and classified. Associated factors, drug classes and specific drugs involved were also investigated. Results The clinical pharmacists identified 133 drug-related problems in 66% [68/103] of the study population. The most common drug-related problems in this study were inappropriate drug use and interactions. Cardiovascular drugs and psychotropic drugs were most commonly involved. Drug-related problems were more frequently observed at higher age, increasing number of drugs prescribed and in patients with reduced renal function. In the multivariate analysis, only the number of prescribed drugs was still significant. Conclusion Drug-related problems were commonly observed among patients admitted to the medical ward. Medication reviews conducted by clinical pharmacists as part of a ward team resulted in several interventions to improve the patients' drug treatment.
Introduction
The most common intervention after visiting the primary healthcare system is the prescription of drugs, and approximately two-thirds of these visits result in at least one prescription [1] . The proportion of patients treated with drugs increases with age. In Sweden, individuals over 75 years old represent more than 25% of total drug consumption, although they constitute only 9% of the population [1] . This is of concern because the sensitivity to side effects of drugs also increases with age, as a result of decreased renal function, cognitive function and body composition [2] . In addition, polypharmacy increases the risk of adverse drug events (ADEs), drug-drug interactions and medication errors in the elderly [3, 4] . Previous studies have shown that drug-related problems (DRPs) are common. For example, in a study from Norway, 81% of the studied population had at least one DRP, and the most frequent types of DRP were non-optimal dose, need for laboratory tests, and non-optimal drug use [5] . Antithrombotic agents, non-steroidal anti-inflammatory drugs (NSAIDs), opioids, ACE inhibitors and corticosteroids for systemic use were the most frequent drug classes involved [5] . It is important to identify DRPs since they may increase the risk of hospitalisations. It has been estimated that up to 30% of hospital admissions in the older population may be related to medication problems [6] .
Clinical pharmacy service is a patient-oriented activity including, for example, medication reviews or medication reconciliation [7] . Several studies suggest that pharmacistled interventions can improve patient outcomes such as the quality of prescription and drug-related readmissions [8] [9] [10] , and some studies also indicate that pharmacist interventions can reduce hospital admissions and mortality [11] [12] [13] .
The hospital studied is located in the sparsely populated inlands of northern Sweden. At the time of the present study, clinical pharmacy services were not established at the hospital and involvement of clinical pharmacists as a part of a ward team was very limited. Interviews conducted at the hospital before start of the study indicated that the nurses and physicians only had a vague idea about what services clinical pharmacists could provide. There was a general notion that clinical pharmacists could serve as educators or drug distributors, but only a few had a better understanding of the potential services that can be provided by clinical pharmacists [14] .
The primary aim of this study was to investigate the prevalence and type of DRPs among patients admitted to a clinical pharmacist service-naïve medical ward at an inland hospital of northern Sweden. The secondary aim was to identify factors that may be associated with risk of DRPs.
Methods

Study Population, Setting and Context
During September-November 2015 and February-April 2016, 103 medication reviews were conducted by three clinical pharmacists at a general medical ward of the hospital. This inland hospital provides healthcare services for around 40,000 people living in this sparsely populated part of northern Sweden. It provides medical services for an area of the size of Switzerland and is the base of the ambulance helicopter [15] . There is no local hospital pharmacy to supply the hospital with drugs; these are transported 128 kilometres from the regional hospital. The medical ward contains 18 beds and the treatment covers a wide range of diseases, including many seriously ill patients.
The three clinical pharmacists conducting the interventions had previously worked with medication reviews for between 7 and 12 years in primary care and hospital wards at the time the study started. The clinical pharmacists attended the ward three days a week and participated in ward rounds on these days. All patients aged 18 years or older and admitted to the medical ward were eligible for the study and asked to participate. Exclusion criteria comprised patients with dementia, patients who did not speak Swedish, palliative patients and patients under the influence of alcohol and drugs.
Data Extraction
All data about the patients were collected from the medical records at the time the patients were admitted to the hospital. Basic demographic and medical data such as sex, age, serum creatinine, sodium, potassium and haemoglobin concentrations, drugs, medical history, living conditions, whether patients had multidose drug dispensing and whether they were taking over-the-counter (OTC) drugs or herbal remedies were collected. Renal function was assessed by calculating estimated glomerular filtration rate (eGFR) using the Cockcroft-Gault (CG) and Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equations [16, 17] . Both equations were used since most recommendations published in dosage handbooks are based on eGFR estimated by the CG equation, while the CKD-EPI equation is used by default to estimate GFR from serum creatinine measurement in the medical records in Västerbotten. When the number of drugs was calculated from the medical records, only the patients' ongoing medications were included. Pro re nata (PRN) drugs were not included, as information was lacking on the actual use of the drugs. Further, oxygen therapy and short-term antibiotic treatments were excluded. Simultaneous ordinations with identical drugs but at different dosages were counted as one drug.
Medication Reviews
The clinical pharmacy service provided by the clinical pharmacists on the ward consisted of medication reconciliation, medication review and participation in ward rounds. For every patient, a medication reconciliation was performed using information from the patient, from the medication list at the primary care centre and from the hospital medical record notes. When conducting a comprehensive medication review, the clinical pharmacists used all available data, including the medication list, list of laboratory results, medical record notes from primary care and index admission, as well as notes from earlier contact with healthcare providers. The clinical pharmacists identified relevant DRPs with respect to impairment of body function (renal function, liver function, contraindications, allergies, swallowing problems), certain drug use (toxic drugs, drugs prone to produce side effects, potentially inappropriate drugs), interactions (drug-drug and drugfood), symptoms (adverse drug reactions) and general judgement of the patient's drug use (proper drug selection, dosage, duration of treatment, polypharmacy, indication for therapy, untreated indication, adherence, OTC drugs, effectiveness and cost effectiveness).
Clinically relevant DRPs were discussed with the healthcare team during the ward rounds. A recommendation was given for each DRP, for example about drug selection, dosages and possible monitoring needs, with the attending physician making the final decision. The acceptance or rejection of the pharmacist's recommendation for changes in drug therapy was documented.
Classification of Drug-Related Problems
To investigate the prevalence of the DRPs, these were classified in twelve subgroups: unnecessary drug therapy, needs additional drug therapy, ineffective drug therapy, dosage too low, dosage too high, adverse drug reaction, non-compliance, inappropriate drug use, interaction, transition error, monitoring needed and other. This is a modified version of the classification system of Cipolle et al. [18] . The clinical pharmacists that performed the medication reviews classified the DRPs. Interactions were divided according to Janusmed interactions classification system [19] . Further, the actions taken in connection with the DRPs were sorted into categories (discontinuation of drug therapy, initiation of drug therapy, increase in dosage, reduction in dosage, change of drug, change of drug formulation, monitoring, written in the epicrisis [the responsible physician's summary of the patient's hospital stay], the physician does not accept the proposal, information to the physician and other). Drug classes and drugs involved in DRPs were also investigated.
Data Analysis
A regression analysis (simple and multiple logistic regression) was conducted to investigate the association between different factors and whether or not the patient had a DRP. These factors were sex, age, number of ongoing medications, renal function (CKD-EPI) and medical history. The most prevalent diagnoses among the study population were included in the analyses. A simple logistic regression was first conducted to determine significant values to include in the multiple logistic regression. The data are presented as odds ratios (ORs) with 95% confidence intervals (CIs). Background data are presented as averages and prevalence, while classification of DRPs and actions in relation to these are presented as prevalence. Statistical Package for the Social Sciences version 23 was used for all analyses.
Results
The study population consisted of 103 patients with a mean age of 77.3 ± 10.3, and 54 (52.4%) of them were women. The most common diagnoses were hypertension (50.5%), arrhythmias (25.2%), heart failure (21.4%) and cancer (21.4%). At admission the patients had a mean of 7.9 ± 3.6 ongoing medications. Cardiovascular drugs (96.1%), anticoagulants (67.0%) and vitamins and minerals (45.6%) were the most frequently used. According to the equation CKD-EPI, the mean eGFR in the population was 65.1 ± 25.1 mL/min/1.73 m 2 , and 42 persons (40.8%) had an eGFR \60 mL/min/1.73 m 2 ( Table 1 ). The clinical pharmacists identified 133 DRPs in 66% [68/103] of the study population. An average of 1.3 DRPs per patient was detected. Inappropriate drug use (29%) was the most common DRP followed by interaction (16%). Other DRPs were dosage too high (9%), needs additional drug therapy (9%), adverse drug reaction (8%), non-compliance (8%), unnecessary drug therapy (5%), monitoring needed (3%), transition error (3%), dosage too low (2%), ineffective drug (1%) and other (8%). The DRPs are specified in more detail in Table 2 . The mean time required for performing a medication review was 31.5 min per patient.
The physicians followed the advice of the clinical pharmacists in 88% (117/133) of the identified DRPs. These DRPs were thereby followed by an intervention, where discontinuation of drug therapy (33%) and information (15%) were most common. Other interventions that occurred in this study were change of drug (15%), monitoring (9%), reduction in dosage (9%), initiation of drug therapy (8%), other (4%), increase in dosage (3%), epicrisis (2%) and change of drug formulation (1%). Any changes in the prescriptions were made during the round.
In this study, 165 drugs contributed to 133 DRPs. The drug classes cardiovascular drugs (n = 27), psychotropic drugs (n = 20), analgesics and NSAIDs (n = 19) and vitamins/minerals (n = 19) caused DRPs most frequently. Specific drugs that most commonly occurred in DRPs were ibuprofen (n = 6), warfarin (n = 6), calcium (n = 5) and hydroxyzine (n = 5) ( 
Discussion
This study showed that the proportion of patients with DRPs was high, and that the most common DRPs were inappropriate drug use and interactions. The acceptance 
Medical history, n (%) All data about the patients were collected from the medical records at the time the patients were admitted to the hospital a OTC drugs were, for example, paracetamol, NSAID and vitamins in the study b Herbal remedies included ginseng, omega 3 and dried nettles CKD-EPI Chronic Kidney Disease Epidemiology Collaboration, GFR glomerular filtration rate, Hb haemoglobin, OTC over the counter, SD standard deviation, TIA transient ischaemic attack [5, 20] . However, these numbers are difficult to compare. Patients with dementia were excluded when this study was conducted and DRPs are common in this specific patient group [21, 22] . Also, information about OTC and herbal remedies was missing in some cases, which might have contributed to under-reporting of DRPs. Other methodological choices, such as whether only clinically relevant DRPs or all DRPs were included, and whether the study was conducted at a hospital or in primary care, can also explain the differences in the results. How DRP was defined is also one aspect to consider; for example, in this study, when a patient had difficulties with inhalation technique and several drugs were involved, it was still counted as one DRP.
The most frequently occurring DRPs were inappropriate drug use and interactions. Similar results have been shown in previous research, where non-optimal dose, non-optimal drug and drug-drug interaction have been identified as common DRPs [5, 20] . In the inappropriate drug use category, the subgroups 'inappropriate drug according to renal function' and 'drugs that should be avoided in the elderly' were dominant. The fact that reduced renal function can result in inappropriate drug use has been shown previously [23, 24] . In this study, several patients used OTC NSAIDs, which can lead to impaired renal perfusion and acute renal failure [25] . Further, drugs that should be avoided in the elderly because of pharmacokinetics and pharmacodynamics that change with age [4, 26] were common in this study. One example is propiomazine, which may cause daytime sleepiness and extrapyramidal side effects in these patients [4] . Drug-drug interactions can cause adverse drug reactions, but can also lead to hospital admissions according to previous research [27] . The DRP adverse drug reaction has previously received much attention in healthcare, although other DRPs are equally important [5] . In this context, it is possible that multiprofessional healthcare teams can contribute to a more comprehensive view on problems related to the patient's drug use.
The physicians followed the advice of the clinical pharmacists in 88% of the identified DRPs, and these DRPs were then followed by an intervention. The proportion of cases that led to interventions is very inconsistent in different studies. Two studies reported considerably lower values (56% and 69%), while one study had about the same proportion (93%) of interventions as shown in this study [20, 28, 29] . The high proportion of suggestions that were accepted by the physicians in the present study is interesting since the personnel at the hospital only had a vague idea about what pharmacists can and are allowed to do [14] . This may indicate that the pharmacists' suggestions were clinically relevant, but also that the pharmacists working on the ward were highly experienced. The most common intervention, discontinuation of drug therapy, was consistent with previous research [20] .
The drug classes cardiovascular drugs, psychotropic drugs, analgesic drugs/NSAIDs and vitamins/minerals caused DRPs most frequently in this study. Similar results have been observed previously [5, 20, 30] . In addition, previous research shows that cardiovascular and psychotropic Drugs in square brackets were counted as one DRP in the medication reviews. Plus symbols were used to indicate combination medications.
Interactions were divided according to Janusmed interactions classification system [19] . C interactions were considered clinically significant but manageable, and D interactions were considered clinically significant and should be avoided [19] . The category 'other' included DRPs concerning wrong formulation and patient's request about treatment choice, for example ACE angiotensin-converting enzyme, ARB angiotensin receptor blocker, ASA acetylsalicylic acid, DRP drug-related problem, GFR glomerular filtration rate, Hb haemoglobin, MCV mean corpuscular volume, NSAIDs non-steroidal anti-inflammatory drugs, PPI proton pump inhibitor, PTH parathyroid hormone, SSRI selective serotonin reuptake inhibitor drugs contribute to hospitalisations due to adverse events in older people [6] . Commonly prescribed drugs are of course more likely to be involved in DRPs. In this study, 99 patients were prescribed cardiovascular drugs, and 27 DRPs were found to be associated with this drug class (28%). According to the present findings, psychotropic drugs may run a higher risk of causing DRPs; 20 DRPs were found among 28 persons with this drug class (71%). NSAIDs contributed to DRPs to an unexpected extent, regarding the known serious side effects such as heart failure and gastrointestinal bleeding [31, 32] . It would be desirable for these problems to be identified earlier in the healthcare chain.
In this study, ibuprofen, warfarin, calcium and hydroxyzine were the specific drugs most frequently involved in DRPs. These drugs, except hydroxyzine, also caused DRPs in previous research. Although hydroxyzine was not included as a specific substance in previous research, the association between DRPs and the drug class of anxiolytics has been observed [5, 20, 30] . The drugs that contributed most frequently to DRPs in this study can be attributed to different explanations. Hydroxyzine is an inappropriate drug for the elderly and can cause cognitive impairment because of its anticholinergic characteristics [4] . Warfarin has serious adverse events and interacts with several other substances. In the present study, a drug interaction between Agents acting on the reninangiotensin system (7) Candesartan (1), candesartan ? hydrochlorthiazide (1), enalapril (3), eplerenone (1), losartan (1) b-blocking agents (4) Atenolol (1), carvedilol (1), metoprolol (2) Calcium channel blockers (3) Amlodipine (1), felodipine (1), lerkanidipine (1) Diuretics (4) Bendroflumethiazide (1), furosemide (1), spironolactone (2) Other cardiovascular drugs (9) Digoxin ( Antidepressant drugs (4) Citalopram (4) Antipsychotics (1) Flupentixol (1) Anxiolytics, hypnotics and sedatives (15) Diazepam ( Drugs only mentioned as a drug class (proton inhibitors and laxatives) in the medication reviews were excluded. Plus symbols were used to indicate combination medications. Furthermore, unspecified drugs (e.g. mentioned as 'several drugs') were excluded. No drug was included when an abnormal laboratory value was detected and the value could not be derived from any of the medications the patient was currently taking ASA acetylsalicylic acid, NSAIDs nonsteroidal anti-inflammatory drugs warfarin and a herbal remedy was found in two patients. Calcium interacts with commonly used drugs such as ciprofloxacin and levothyroxine if given simultaneously, and this was also seen in this study [4, 19] . Ibuprofen is included in the NSAID group and can be problematic as described above. According to the simple logistic regression analysis in this study, DRPs were more frequently present in older patients, patients with reduced renal function and patients taking a higher number of drugs. The finding of higher age as a factor associated with DRPs is in line with previous studies [33, 34] . Further, reduced renal function has been shown in previous studies to be a risk factor for DRPs [35, 36] . The number of drugs was the only associated factor remaining significant in the multivariate model. This result is in accordance with previous studies and the National Board of Health and Welfare in Sweden [4, 5, 34] . The complexity of polypharmacy causes problems for patients and provides a considerable challenge for healthcare professionals. In previous studies, an increased risk of adverse drug reactions, interactions and reduced compliance has been observed in patients taking a high number of drugs [6, 37, 38] . However, although the number of drugs is associated with DRPs, it can also be important to evaluate drug lists containing few drugs [39] . In this study, for example, one patient with only three ongoing medications used NSAIDs in combination with ticagrelor, which increases the risk of internal bleeding [19] .
One limitation of this study is that the patients were not included consecutively, since the clinical pharmacists were not present in the hospital for the entire study period. Also, the patient population in this study was small. This can lead to non-significant results and problems with generalisability. All involved pharmacists performed comprehensive medication reviews as described in the methods section. Still, limitations in the inter-rater reliability cannot be ruled out. Also, we did not evaluate if the DRPs detected by the clinical pharmacists were clinically relevant and significant. Under certain circumstances, physicians may take calculated risks of potentially causing DRPs when there is lack of better alternatives or when the benefits outweigh any risks. However, based on the high acceptance rate of proposed medication changes (88%), it appears reasonable to assume that most of the DRPs were also judged to be relevant by the physician in charge. Finally, the lack of control group is a limitation of the present study, which should be borne in mind.
There are also strengths with the method used in this study. DRPs were discussed in multidisciplinary healthcare teams, which may have resulted in a higher rate of interventions to the DRPs due to face-to-face conversations. The clinical pharmacists involved in this study have long experience within the subject area and they had access to medical records and laboratory values, so the conditions for analysing DRPs among the patients were good. The pharmacist service-naïve environment and the unique location 
Conclusion
Drug-related problems were commonly observed among patients admitted to the medical ward. Medication reviews conducted by clinical pharmacists as part of a ward team resulted in several interventions to improve the patients' drug treatment.
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